1. Introduction {#sec1}
===============

Nonalcoholic fatty liver disease (NAFLD) is the most commonly occuring liver disease without the history of drinking. In China, the prevalence rate of NAFLD is about 20--30%, and in recent years, with the improvement of people's living standards, the incidence rate has significantly increased and tends to be common in the younger population.^[@ref1]^ The pathogenesis of NAFLD is complex, involving oxidative stress, lipid metabolism disorders, inflammatory response, and so on, and shares the same pathophysiological characteristics as those of metabolic syndrome (MS) and type 2 diabetes (T2D).^[@ref2],[@ref3]^ Severe nonalcoholic steatohepatitis may occur with cirrhosis or even hepatocellular carcinoma.^[@ref4]^ From the perspective of morphology, NAFLD is mainly characterized by diffuse hepatocyte steatosis in the hepatic lobule. In clinical manifestations, moderate and severely affected patients may be present with a dull pain in the liver area, systemic fatigue, diarrhea, and other symptoms.^[@ref5]−[@ref7]^ As the disease is not easy to be detected early in clinical practice, the early diagnosis and treatment of the disease becomes the key to prevent its further occurrence and development. Meanwhile, looking for natural drugs with less side effects and definite effects to alleviate NAFLD has become a hot topic in current research works.

More than 80% of the country's *Panax notoginseng* is planted in Yunnan, China. *P. notoginseng* has many active components, such as ginsenoside Rb1, Rg1, Rg2, and Rh. Ginsenoside Rg1 has anti-inflammatory, antioxidant, antifibrosis, antiapoptosis, and neuroprotective effects.^[@ref8]^ Most importantly, ginsenoside Rg1 has a good protective effect on the liver.^[@ref9]^

Previous studies have shown that ginsenoside Rg1 protects against nonalcoholic fatty liver disease by upregulating the expression of peroxisome proliferator-activated receptor-α (PPARα), which stimulates fatty acid β oxidation and promotes the metabolism of free fatty acids (FFAs) and triglyceride (TG).^[@ref8]^ However, the effects of ginsenoside on PPAR-related molecules carnitine palmitoyl transferase 1α (CPT1A), carnitine palmitoyl transferase 2 (CPT2), sterol regulatory element binding proteins-1C (SREBP-1C), and cholesterol 7α-hydroxylase (CYP-7A) have been rarely reported.

In the present study, we further investigate the effects of ginsenoside Rg1 on PPARα, as well as the underlying mechanisms that involve CPT1A, CPT2, SREBP-1C, and CYP-7A in vivo.

2. Results and Discussion {#sec2}
=========================

2.1. Ginsenoside Rg1 Inhibits Insulin Resistance in the Animal Models of NAFLD {#sec2.1}
------------------------------------------------------------------------------

To detect whether the model of NAFLD was built successfully, we detected the pathological change of a rat's liver after 14 weeks of modeling by HE and oil red "O" staining. HE staining results showed that there is an abnormal arrangement of hepatocytes, small vacuoles in some cells, and a large number of vacuole-like structures around liver cells in the model group compared with the control group. In addition, Oil red O staining results showed a large amount of oil red O precipitation with a large number of lipid droplets in the liver of the model group compared with the control group ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}A). The above results indicated that the animal model of NAFLD was established successfully. Next, we examined the effects of ginsenoside Rg1 on glucose (GLU) and insulin (INS) in NAFLD models. The results showed that ginsenoside Rg1 inhibited the increase of GLU, INS, and HOMA-IR induced by NAFLD in a dose-dependent manner after ginsenoside Rg1 treatment. The high-dose ginsenoside Rg1 group was more effective than the simvastatin group at 8 weeks (*P* \< 0.05) ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}B). Simvastatin, a lipid-lowering drug, was used as a positive control. The molecular structure of ginsenoside Rg1 is shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}C.

![Ginsenoside Rg1 inhibits insulin resistance in animal models of NAFLD. (A) The morphology of liver tissues in the control group or model group was detected by HE staining and oil red O staining. (B) Ginsenoside Rg1 inhibits insulin resistance after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are the mean ± standard error of the mean (SEM) of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05. (C) The molecular formula of ginsenoside Rg1.](ao0c00529_0001){#fig1}

2.2. Ginsenoside Rg1 Improves Liver Function in NAFLD Models {#sec2.2}
------------------------------------------------------------

Next, we examined the effects of ginsenoside Rg1 on the liver of NAFLD rat models. At first, we measured the ratio of liver weight and body weight at week 4 and week 8 after the ginsenoside Rg1 treatment. The results showed that the liver weight and liver/body weight ratio increased significantly in the model group compared with the control group. Ginsenoside Rg1 inhibited them in a dose-dependent manner (*P* \< 0.05). High-dose ginsenoside Rg1 was more effective than simvastatin at week 8 (*P* \< 0.05) ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}A,B). Then, we measured the factors that reflect liver function. The results showed that the concentrations of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) decreased significantly in a dose-dependent manner after treatment with different concentrations of ginsenoside Rg1 and simvastatin for 4 and 8 weeks. High-dose ginsenoside Rg1 has a better therapeutic effect than simvastatin in reducing ALT, AST, and ALP at 8 weeks (*P* \< 0.05) ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}C). The results showed that chronic liver injury can be caused by NAFLD induced by a high-sugar and high-fat diet and ginsenoside Rg1 can alleviate chronic liver injury.

![Ginsenoside Rg1 improves liver function in NAFLD models. (A, B) Ginsenoside Rg1 decreases the body weight, liver weight, and their ratio induced by high fat and high sugar after ginsenoside Rg1 treatment for 4 or 8 weeks. C. Ginsenoside Rg1 improves the function of the liver under the condition of NAFLD after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05. \*Significant compared with the model group alone, *P* \< 0.05.](ao0c00529_0002){#fig2}

2.3. Ginsenoside Rg1 Alleviates Liver Inflammation in NAFLD Models {#sec2.3}
------------------------------------------------------------------

Meanwhile, we observed pathological changes in the liver by HE staining. The results showed that the arrangement of hepatocytes was abnormal and disordered and that some cells had vacuoles of different sizes and vacuole-like degeneration; meanwhile, the number of adipocytes was significantly increased, with a certain degree of steatosis, but no fibrosis or obvious fibrosis changes were found, and inflammatory cell infiltration was observed in the model group compared with the control group. Ginsenoside Rg1 can reverse this change and improve high-fat- and high sugar-induced liver injury in a dose-dependent manner. The high-dose ginsenoside Rg1 group was more effective than the simvastatin group at 8 weeks (*P* \< 0.05) ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}A,B).

![Ginsenoside Rg1 alleviates liver inflammation in NAFLD models. (A, B) Ginsenoside Rg1 attenuates the pathologic change of liver tissues in the NAFLD model in a dose- and time-dependent manner. The sections of liver tissues were detected by HE after ginsenoside Rg1 treatment for 4 or 8 weeks. (C, D) Ginsenoside Rg1 inhibits the secretion of inflammatory cytokines in the NAFLD model in a dose- and time-dependent manner. Serum concentrations of IL-6, IL-1β, and TNFα were detected by enzyme-linked immunosorbent assay (ELISA) kits after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05; ^@^significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0003){#fig3}

HE staining revealed a large amount of inflammatory cell infiltration in the model group. Furthermore, we measured the secretion of inflammatory factors with an ELISA kit. The results showed that the concentrations of IL-1, IL-6, IL-8, IL-18, and TNF-α in the model group were significantly increased compared with the control group (*P* \< 0.05). Ginsenoside Rg1 can inhibit the increase of these inflammatory factors in a dose-dependent manner. The effect of the high-dose ginsenoside Rg1 group was better than that of the simvastatin group at 8 weeks (*P* \< 0.05) ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}C,D). These results showed that the high-sugar and high-fat diet could lead to liver lesions of rats and cause inflammatory response, while ginsenoside Rg1 could improve liver damage and have an anti-inflammatory effect.

2.4. Ginsenoside Rg1 Reduces Lipid Accumulation in NAFLD Models {#sec2.4}
---------------------------------------------------------------

Besides, a large number of vacuoles were found in HE staining. To further determine whether the vacuoles in the model group were fat or not, oil red O staining was performed on the liver tissues. The results showed that a large amount of oil red O accumulated in the model group at 4 and 8 weeks. However, after the treatment with ginsenoside Rg1, the lipid accumulation in the liver tissue was significantly decreased. The positive control group of simvastatin had similar effects with ginsenoside Rg1 ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}A,B).

![Ginsenoside Rg1 reduces lipid accumulation in NAFLD models. (A, B) Ginsenoside Rg1 reduces fat deposition of the liver tissues in a dose- and time-dependent manner. Sections of liver tissues were detected by oil red O staining after ginsenoside Rg1 treatment for 4 or 8 weeks. C. Ginsenoside Rg1 reduces lipid factor accumulation of serum in a dose- and time-dependent manner. The serum concentrations of TG and total cholesterol (TC) were detected by an automated biochemistry analyzer after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05; ^@^significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0004){#fig4}

To find the reason, we measured lipid factors with a biochemical analyzer. The results showed that the concentrations of TG and TC in the model group were significantly increased compared to those in the control group (*P* \< 0.05). After the treatment with ginsenoside Rg1, the concentrations of TG and TC decreased significantly compared with the model group in a dose-dependent manner (*P* \< 0.05). High -dose ginsenoside Rg1 was more effective than simvastatin at 8 weeks (*P* \< 0.05) ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}C,D).

The results suggested that the lipid metabolism was induced in the model group was induced by the high-glucose and high-fat diet and that ginsenoside Rg1 might improve the lipid metabolism.

2.5. Ginsenoside Rg1 Promoted PPAR-α Expression in the Animal Models of NAFLD {#sec2.5}
-----------------------------------------------------------------------------

The main function of PPAR-α is to promote the oxidation of fatty acids to reduce the deposition of triglycerides in the liver.^[@ref9]^ To explore the effect of ginsenoside Rg1 on PPAR-α, we first detected the mRNA expression of PPAR-α. Q-PCR results showed that the expression of PPAR-α mRNA in the model group was significantly decreased compared with the control group. After the treatment of ginsenoside Rg1, the mRNA expression of PPAR-α increased, respectively, in a dose- and time-dependent manner (*P* \< 0.05), and the effect of the high-dose ginsenoside Rg1 group was obvious than that of the simvastatin group (*P* \< 0.05) ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}A).

![Ginsenoside Rg1 obviously promoted PPAR-α expression in animal models of NAFLD. (A) Ginsenoside Rg1 obviously promoted the mRNA expression of PPAR-α. The mRNA expression was detected by quantitative polymerase chain reaction (q-PCR) after ginsenoside Rg1 treatment for 4 or 8 weeks. (B, C) Ginsenoside Rg1 obviously promoted the protein expression of PPAR-α. The protein expression was detected by immunohistochemical and western blot assay after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05; ^@^significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0005){#fig5}

We further tested the protein expression of PPAR-α in the liver tissue. Immunohistochemical results showed that PPAR-α expressed in the cytoplasm of liver cells and ginsenoside Rg1 inhibited obviously the protein expression of PPAR-α induced by high fat and high sugar in a dose-dependent manner. The effect of ginsenoside Rg1 was better than that of simvastatin (*P* \< 0.05) ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}B). Besides, western blot analysis showed the same results as immunohistochemistry ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}C). The above results showed that ginsenoside Rg1 upregulated the expression of PPAR-α.

2.6. Ginsenoside Rg1 Promoted the Expression of CPT1A and CPT2 {#sec2.6}
--------------------------------------------------------------

CPT1 and CPT2 are two important regulators of fatty acid oxidation.^[@ref10],[@ref11]^ Previous studies have shown that PPAR-α enhances the expression of CPT1 and CPT2, which promotes lipid oxidation.^[@ref12]^ Therefore, we first detected the mRNA and protein expression of CPT1A by q-PCR, immunohistochemistry, and western blot. The results showed that ginsenoside Rg1 can upregulate the mRNA and protein expression of CPT1A, which was inhibited by the high-fat and high-sugar-induced NAFLD model in a dose-dependent manner after 4 or 8 weeks of ginsenoside Rg1 treatment. The effect of ginsenoside Rg1 was better than that of simvastatin at 8 weeks (*P* \< 0.05) ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}).

![Ginsenoside Rg1 obviously promoted the expression of CPT1A2 in the animal models of NAFLD. (A) Ginsenoside Rg1 obviously promoted the mRNA expression of CPT1A. The mRNA expression was detected by q-PCR after ginsenoside Rg1 treatment for 4 or 8 weeks. (B, C) Ginsenoside Rg1 obviously promoted the protein expression of CPT1A. The protein expression was detected by immunohistochemical and western blot assay after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05; ^@^significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0006){#fig6}

CPT1 mainly exists in the outer mitochondrial membrane, while CPT2 is a membrane-bound protein in the inner mitochondrial membrane.^[@ref13],[@ref14]^ Furthermore, we detected the expression of CPT2. q-PCR results showed that the mRNA expression of CPT2 in the low- and high-dose ginsenoside Rg1 treatment groups increased gradually compared with the model group, but there was no statistical significance (*P* \> 0.05). Simvastatin and ginsenoside Rg1 have similar effects ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}A) (*P* \> 0.05). The protein expression level of CPT2 showed similar results to its mRNA expression by immunohistochemical and western blot assay ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}B,C). We suspected that the above results may be due to the modeling time not being long enough or the mitochondrial membrane playing a protective role to CPT2. The above results showed that ginsenoside Rg1 can upregulate the expression of CPT1 and has little effect on CPT2.

![Ginsenoside Rg1 promoted the expression of CPT2 in the animal models of NAFLD. (A) Ginsenoside Rg1 promoted the mRNA expression of CPT2, *P* \> 0.05. The mRNA expression was detected by q-PCR after ginsenoside Rg1 treatment for 4 or 8 weeks. (B, C) Ginsenoside Rg1 promoted the protein expression of CPT2, *P* \> 0.05. The protein expression was detected by immunohistochemical and western blot assay after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments.](ao0c00529_0007){#fig7}

2.7. Ginsenoside Rg1 Inhibited the Expression of SREBP-1C {#sec2.7}
---------------------------------------------------------

Previous studies have shown that the upregulation of PPAR-α can inhibit the expression of SREBP-1C, which promotes the oxidation of fatty acids, and the output of TG in the liver, which in turn alleviates the process of NAFLD.^[@ref15]^ Our results showed that the expression of SREBP-1C in the model group was significantly higher than that in the control group and then it goes down dramatically in a dose-dependent manner after ginsenoside Rg1 treatment for 4 or 8 weeks. The effect of the high-dose ginsenoside Rg1 group was better than that of the simvastatin group (*P* \< 0.05) ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}). The above results showed that ginsenoside Rg1 inhibited the expression of SREBP-1C and promoted the oxidation of fatty acids.

![Ginsenoside Rg1 obviously inhibited the expression of SREBP-1C. (A) Ginsenoside Rg1 obviously inhibited the mRNA expression of SREBP-1C. The mRNA expression was detected by q-PCR after ginsenoside Rg1 treatment 4 or 8 weeks. (B, C) Ginsenoside Rg1 obviously inhibited the protein expression of SREBP-1C. The protein expression was detected by immunohistochemical and western blot after ginsenoside Rg1 treatment 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05. \*Significant compared with the model group alone, *P* \< 0.05. ^@^Significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0008){#fig8}

2.8. Ginsenoside Rg1 Promoted the Expression of CYP-7A {#sec2.8}
------------------------------------------------------

CYP7 is a rate-limiting enzyme for the synthesis of bile acids and catalyzes the decomposition of cholesterol into bile acids in the liver.^[@ref16]^ Therefore, promoting the expression of CYP7 can reduce liver fat deposition. Previous studies have shown that activation of PPAR-α in a mouse promotes the expression of CYP-7A.^[@ref17]^ We detected the expression of CYP7 by q-PCR, immunohistochemistry, and western blot assay. Our results showed that high fat and high sugar inhibited the expression of CYP7 and that ginsenoside Rg1 can reverse this change in a dose-dependent manner in 4 or 8 weeks, similar to the effect of simvastatin. In addition, the effect of high-dose ginsenoside Rg1 was better than that of simvastatin (*P* \< 0.05) ([Figure [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"}). The results showed that ginsenoside Rg1 increased the expression of CYP-7A and promoted the decomposition of cholesterol into bile acids.

![Ginsenoside Rg1 obviously promoted the expression of CYP-7A. (A) Ginsenoside Rg1 obviously promoted the mRNA expression of CYP-7A. The mRNA expression was detected by q-PCR after ginsenoside Rg1 treatment for 4 or 8 weeks. (B, C). Ginsenoside Rg1 obviously promoted the protein expression of CYP-7A. The protein expression was detected by immunohistochemistry and western blot assay after ginsenoside Rg1 treatment for 4 or 8 weeks. The values shown are mean ± SEM of the data from three independent experiments. ^\#^Significant compared with the control group alone, *P* \< 0.05; \*significant compared with the model group alone, *P* \< 0.05; ^@^significant compared with simvastatin alone, *P* \< 0.05.](ao0c00529_0009){#fig9}

2.9. Discussion {#sec2.9}
---------------

Currently, the complex pathogenesis of NAFLD is not fully understood. In 1998, Day et al.^[@ref18]^ proposed the so-called "two-hit" theory, which became the theoretical basis to explain NAFLD pathogenesis. On the basis of the hypothesis, the synthesis or accumulation of fat in hepatocytes caused by excessive calorie intake constitutes the first "hit" in the development of NAFLD. In addition, insulin resistance that arises from elevated levels of FFAs in liver has also been suggested to play an essential role.^[@ref19],[@ref20]^ The second hit includes oxidative stress and inflammation caused by dysregulation of proinflammatory cytokines, which can lead to nonalcoholic steatohepatitis and even liver fibrosis.^[@ref18]^ The development of inflammation, fibrosis, and even necrosis of the liver caused by oxidative stress is the key to the second hit.

In addition, many important proteins, such as PPAR-α, CPT, SREBPs, and CYP-7A, are involved in the second hit, leading to liver function damage.^[@ref21],[@ref22]^ PPAR, a ligand-activated transcription factor, is a member of the nuclear hormone receptor superfamily that can be divided into three subtypes: PPAR-α, PPAR-β, and PPAR-γ. Among them, PPAR-α is mainly expressed in the liver, skeletal muscle, brown adipose tissue, and other tissues with strong lipid metabolism. It is closely related to the body's lipid metabolism, inflammatory response, immune regulation, cell proliferation and differentiation, and cell apoptosis.^[@ref23]−[@ref25]^

The specific mechanism of the oxidation of intrahepatic fatty acids is as follows: (1) Fatty acid oxidase such as carnitine palmitoyl transferase-1 (CPT1) and carnitine palmitoyl transferase-2 (CPT2) can convert acyl-carnitine into acyl CoA. Lipid acyl CoA enters the mitochondrial matrix and becomes the substrate of the fatty acid β-oxidase system, while PPAR-α can enhance the expression of CPT1 and CPT2, thus promoting the lipid oxidation process.^[@ref14]^ (2) Activated PPAR-α can promote the expression of CYP-7A, thus promoting the excretion of cholesterol.^[@ref26]^ (3) The upregulated expression of PPAR-α could inhibit the expression of SREBPs, promote the oxidation of fatty acids and the output of TG in the liver, and alleviate the process of NAFLD.^[@ref27]^ To validate the utility of ginsenoside Rg1 for NAFLD patient improvement, more detailed investigation regarding the molecular mechanism of ginsenoside Rg1 in the fatty acid oxidase in mitochondria needs to be further carried out.

3. Conclusions {#sec3}
==============

Our studies showed that ginsenoside Rg1 can inhibit the inflammatory response and alleviate liver damage in NAFLD. Meanwhile, ginsenoside Rg1 may promote the expression of CPT1A, CPT2, and CYP-7A and inhibit the expression of SREBP-1C by increasing the expression of PPAR-α and regulating lipid metabolism, thereby alleviating NAFLD.

4. Experimental Section {#sec4}
=======================

4.1. Compound Extraction {#sec4.1}
------------------------

Air-dried *P. notoginseng* material was extracted with 95% ethanol under reflux three times, for 2 h each time. The extract was concentrated in a rotary vacuum evaporator to give a residue. The residue was dissolved in H~2~O and then extracted successfully with EtOAC (2 L). The combined EtOAc extracts was subjected to silica column chromatography (200--300 mesh) and eluted with petroleum ether/EtOAc (90:10, 80:20, 50:50, 25:75) followed by CHCl~3~/MeOH in a linear gradient (90:10, 80:20, 70:30, 60:40, 0:100) to obtain 6 fractions on the basis of thin-layer chromatography (TLC) profiles. Fraction 4 was further chromatographed on sephadex LH-20 eluted with (CHCl~3~/MeOH 1:1) to furnish four subfractions (fractions 4-1 to 4-4). Fraction 4-2 was further purified by preparatory TLC to obtain the pure compound ginsenoside Rg1. The purity of ginsenoside Rg1 was identified by high-performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS).

4.2. Animals and Experimental Design {#sec4.2}
------------------------------------

Adult Sprague Dawley (SD) rats (180--220 g) were purchased from the Animal Zoology Department (Kunming Medical University). The rats were housed at 22--26 °C temperature, 40--60% humidity, and a 12 h light/12 h dark cycle in the animal facility with free access to food and water. Ginsenoside Rg1 and simvastatin were dissolved in 40 °C distilled water to form a suspension and then administered by gavage.

SD rats were randomly divided into a control group, model group, ginsenoside Rg1 low-dose (30 mg/(kg day)) and high-dose (60 mg/(kg day)) treatment groups, and simvastatin control group (1 mg/(kg day)), with 10 SD rats in each group. The control group was given a basic diet. The model group was given a high-sugar and high-fat diet (54% basic diet, 15% lard, 25% saccharose, 1% cholesterol, and 5% extract egg yolk powder) for 14 weeks. Two rats were randomly euthanized by intraperitoneal injection of sodium pentobarbital (200 mg/kg body weight). Meanwhile, HE staining was used to detect the arrangement of rat liver cells and oil red "O staining" was used to detect the fat accumulation in the rat liver to determine whether the animal model of NAFLD was successfully established. Then, some of the NAFLD animals were administered ginsenoside Rg1 or simvastatin orally by gavage for 4 or 8 weeks; meanwhile, the remaining animals continued to be intragastrically administered high fat and high sugar for 4 or 8 weeks.

All animal procedures were approved by the Institutional Animal Care and Use Committee of Kunming Medical University, and the protocol of the experiments was approved by the Animal Care and Use Committee of Yunnan University.

4.3. Glucose, Insulin, Lipid Factor, Inflammatory Factor, and Liver Function Test {#sec4.3}
---------------------------------------------------------------------------------

The levels of serum GLU, TG, TC, ALT, AST, and ALP were detected by an automated biochemistry analyzer (Hitachi 7060, Japan). The levels of serum INS, IL-1, IL-6, IL-8, IL-18, and TNF-α were detected by ELISA kits (Navy Medical Institute, Shanghai, China) according to the manufacturer's instructions. The insulin resistance index (HOMA-IR) was calculated by the formula INS\*GLU/22.5.

4.4. Real-Time PCR {#sec4.4}
------------------

Total RNA was extracted from the liver tissues using the Total RNA Extractor (Trizol) kit. The cDNA of each RNA sample was reverse transcribed with the M-MLV RTase cDNA kit according to the manufacturer's instructions. Real-time PCR was performed using the SYBR Premix EX Tap 2x kit in the CFX 96 PT-PCR system. The reaction conditions were 95 °C for 30 s, 95 °C for 5 s, 60 °C for 30 s, followed by 30 cycles and then 72 °C for 10 min according to our previous research methods.^[@ref28],[@ref29]^ The primer sequences are shown in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}.

###### Primer Parameters

  name                      sequence                    *T*~m~ (°C)   amplicon length
  ------------------------- --------------------------- ------------- -----------------
  PPAR-α                    F: ACAGGAGAGCAGGGATTT       60            141
  R: CACCATTTCAGTAGCAGGA                                              
  CPT1A                     F: CGAGAAGGGAGGACAGAG       60            199
  R: ACACCACATAGAGGCAGAAG                                             
  CPT2                      F: CCAACAAAACTAATCCCAAG     60            123
  R: CCAAACCCTATCTCCTGAA                                              
  SREBP-1C                  F: CTGCTTGGCTCTTCTCTTT      60            89
  R: CTTGTTTGCGATGTCTCC                                               
  CYP-7A                    F: GGAAAGCAAAGACCACCT       60            150
  R: GTTCAAAGCAGGAGAGCA                                               
  β-actin                   F: GGAAATCGTGCGTGACATTAAA   60            111
  R: GGCAGCTCATAGCTCTTCTC   62                                        

4.5. HE, Oil Red O Staining, and Immunohistochemistry {#sec4.5}
-----------------------------------------------------

The tissue sections (5 μm) were subjected to antigen retrieval by microwave after deparaffinization and rehydration for 10 min in sodium citrate buffer. Sections were cooled to room temperature, treated with 3% H~2~O~2~ for 10 min, and blocked with 5% goat serum for 40 min at room temperature. One part of the sections was stained with hematoxylin-eosin and oil red O ethanol dye, and the other part was stained with immunohistochemistry. For immunohistochemistry staining, the sections were incubated at 4 °C overnight with the first antibody against PPAR-α, CPT1A, CPT2, SREBP-1C, and CYP-7A (diluted 1:200, Cell Signaling Technology, Danvers, NA). Then, the sections were washed in phosphate-buffered saline (PBS) and incubated with the secondary antibody (biotinylated goat anti-rabbit, 1:150; Vector Laboratories, Burlingame, CA) for 30 min. The sections were counterstained with hematoxylin after diaminobenzidine staining. All of the slices were dehydrated with ethanol for 2 min, followed by xylene transparency for 5 min, and then the tablets were quickly sealed with neutral gum and an ultrathin cover glass. After sealing the film, it was observed under an ordinary optical microscope according to our previous research methods.^[@ref28]^

4.6. Western Blotting {#sec4.6}
---------------------

Total protein of the liver samples was extracted using the radio immunoprecipitation assay (RIPA) lysate added with PMSF(Solarbio, China), then quantified by BCA (PPLYGEN, China), and finally the protein concentration was pulled to 5 μg/μL. The protein was loaded at 40 μg, separated by 10% sodium dodecyl sulfate--polyacrylamide gel electrophoresis (SDS--PAGE) gel and transferred to a poly(vinylidene fluoride) (PVDF, Millipore, China) membrane, and blocked with 5% milk for 120 min at room temperature. The membrane was incubated with a specific primary antibody against PPAR-α, CPT1A, CPT2, SREBP-1C, CYP-7A, and β-actin (1:1000 dilution; Cell Signaling Technology, Danvers, NA) at 4 °C overnight. The secondary antibody was a horseradish peroxidase (HRP)-conjugated anti-rabbit or mouse IgG (1:5000 dilution; Santa Cruz Biotech). The membrane was visualized using the enhanced chemiluminescence (ECL) detection system. The signal intensity was quantified using ImageJ software. The experimental process was the same as our previous research methods.^[@ref28]^

4.7. Ethics Statement {#sec4.7}
---------------------

This study was carried out abiding by the rules of the Laboratory Animal Center of Kunming Medical University. The protocol was approved by the Committee on the Ethics of Animal Experiments of the Kunming Medical University. All surgeries were performed under sodium pentobarbital anesthesia, and all efforts were made to minimize suffering.

4.8. Statistical Analysis {#sec4.8}
-------------------------

Data were expressed as the mean ± standard deviation (SD) of three independent experiments. Statistical differences between the groups were analyzed using a post-hoc analysis of a randomized controlled trial. Values of *P* \< 0.05 were considered of statistically significant.
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